Nucleic acid probes (Gen-Probe, San Diego, Calif.) can be used to identify mycobacteria in BACTEC 12B broth cultures prior to detection of growth on solid media. We developed an algorithm that can be used to make an initial choice of a probe (either Mycobacterium tuberculosis complex [MTB] The resurgence of tuberculosis and disease caused by multidrug-resistant strains has focused attention on the time required to report acid-fast bacillus (AFB) smear results and to isolate, identify, and determine the antimicrobial susceptibility of Mycobacterium tuberculosis (2, 9). DNA probes (ACCU-PROBE; Gen-Probe, San Diego, Calif.) can be used for the rapid identification of M. tuberculosis complex (MTB) and Mycobacterium avium complex (MAC) from growth in a BACTEC 12B broth culture (Becton Dickinson Systems, Sparks, Md.) prior to detection of growth on solid media (1, 4). Without colonial morphological clues that can be used to facilitate the selection of the appropriate probe for identification testing, testing with multiple probes may be necessary for the timely identification of M. tuberculosis from BACTEC 12B broth cultures. However, the probes are expensive, so testing with several probes at the same time or sequentially may not be cost-effective.
The resurgence of tuberculosis and disease caused by multidrug-resistant strains has focused attention on the time required to report acid-fast bacillus (AFB) smear results and to isolate, identify, and determine the antimicrobial susceptibility of Mycobacterium tuberculosis (2, 9) . DNA probes (ACCU-PROBE; Gen-Probe, San Diego, Calif.) can be used for the rapid identification of M. tuberculosis complex (MTB) and Mycobacterium avium complex (MAC) from growth in a BACTEC 12B broth culture (Becton Dickinson Systems, Sparks, Md.) prior to detection of growth on solid media (1, 4) . Without colonial morphological clues that can be used to facilitate the selection of the appropriate probe for identification testing, testing with multiple probes may be necessary for the timely identification of M. tuberculosis from BACTEC 12B broth cultures. However, the probes are expensive, so testing with several probes at the same time or sequentially may not be cost-effective.
Strains in cultures of clinical specimens containing MTB generally take longer to grow in BACTEC 12B than strains in cultures of specimens containing with MAC (6) . We observed that the growth rates of both organisms often correlated with the quantitation of organisms present in the fluorochrome smear prepared from the concentrated specimen. We used this observation to develop an algorithm that can be used to select the initial probe for use in testing mycobacterial growth directly from BACTEC 12B broth cultures. Use of the algorithm did not delay the time to identification of M. tuberculosis. The algorithm, which was developed from retrospective analysis of 5 months' experience, was then evaluated in a 3-month prospective study.
(This work was presented in part at the 93rd General Meeting of the American Society for Microbiology, Atlanta, Ga., 16 to 20 May 1993 [3] .) Methods. Sputum and other respiratory specimens submitted for mycobacterial culture to the Clinical Microbiology Laboratory of Grady Memorial Hospital were digested and decontaminated by the NALC-2% NaOH method and were concentrated by centrifugation at 3,000 ϫ g for 15 min (5) . Sediments were resuspended in approximately 2 ml of phosphate buffer, and 1 ml of well-mixed resuspended sediment was used to inoculate the culture media: 0.5 ml into a BACTEC 12B vial, 0.25 ml onto a Middlebrook 7H11 agar plate, and 0.25 ml onto a Lowenstein-Jensen slant (Carr-Scarborough Microbiologicals, Stone Mountain, Ga.). A smear was made for fluorochrome staining, and positive smear results were quantified by the following scheme: 4ϩ, Ͼ10 AFB per ϫ200 field; 3ϩ, 1 to 10 AFB per ϫ200 field; 2ϩ, 1 to 10 AFB per 10 ϫ200 fields; 1ϩ, Ͻ10 AFB per entire smear. Cultures were incubated for 6 weeks. The solid media were examined weekly for visible growth, and the BACTEC 12B broth was analyzed by the BACTEC 460-AFB system twice weekly (Monday and Thursday) for the first 2 weeks and weekly (Tuesday) thereafter. When the growth index (GI) reached Ն10, the BACTEC 12B vial was considered to be presumptively positive and was then analyzed daily. When the GI reached Ն50, a Kinyoun stain was performed on well-mixed BACTEC 12B broth; if the presence of AFB was confirmed, the BACTEC 12B broth was subcultured onto a 7H11 agar plate and the BACTEC 12B vial was reincubated until the GI reached Ն300. When this threshold was reached, the broth from the BACTEC 12B vial was probed or the bottle was refrigerated for convenience until the probe assay could be performed.
M. tuberculosis, MAC, and Mycobacterium gordonae were identified with ACCUPROBE; other species of mycobacteria were identified by conventional methods at the laboratory of the Georgia Department of Human Resources. The ACCU-PROBE procedure was performed once weekly (Tuesday). Solid media (both originally inoculated media and 12B BACTEC broth subcultures) were examined for detectable colonies prior to performing the probe assay on growth from BACTEC 12B broth. If growth was detected, the colonies on solid media were tested according to the manufacturer's directions; the probe used (MTB, MAC, or M. gordonae) for these was chosen on the basis of the colonial morphology of the organism. Growth in BACTEC 12B broth (GI, Ն300) was tested as follows. A total of 1.5 ml of well-mixed broth was placed in a microcentrifuge tube, and the tube was centrifuged at 10,000 ϫ g for 30 min. The supernatant was decanted, the pellet was resuspended in 100 l of specimen diluent, and 100 l of the well-mixed suspension was transferred to a lysing reagent tube. A total of 100 l of probe diluent was added, the tube was vortexed, and the ACCUPROBE procedure was followed. Subsequently, subcultures of the BACTEC vials were reviewed to ensure that the colonial morphology agreed with the ACCUPROBE result (positive or negative) and to screen for mixed cultures. If a probe assay performed with growth from BACTEC 12B broth was negative, the probe assay was repeated, if necessary, 1 week later on growth from the originally inoculated solid media or from the BACTEC 12B vial subculture. The probe used for these assays was chosen on the basis of the colonial morphology of the organism.
Laboratory records of respiratory specimens positive for mycobacteria from the BACTEC 12B vial received from 15 May through 15 August 1992 were retrospectively reviewed, and the following information was obtained: fluorochrome result, mycobacterial species isolated, the date the medium was inoculated, and the date that a GI of Ն10 was first obtained by testing of the BACTEC 12B vial. Data were analyzed to determine if our observations about species growth rates could reliably be used to select a probe. The algorithm developed from this review was applied to respiratory cultures positive for mycobacteria during the 3-month prospective evaluation (1 September to 30 November 1992). The algorithm was used (i) if the culture had growth that was detected only in BACTEC 12B broth (GI Ͼ300) at the time that the probe assay was performed and (ii) if there was no other information to direct the choice of a probe (e.g., previous or concurrent positive cultures from the same or a different site).
Results. During the period from 15 March to 15 August 1992, 516 respiratory cultures were positive for mycobacteria. A total of 186 (36.0%) of these positive cultures were also positive by fluorochrome smear. The fluorochrome quantitation and species identification compared with the interval (in days) until the GI reached at least 10 are given in Table 1 fluorochrome-negative specimens. Conversely, 14 (12.8%) 4ϩ, 10 (26.3%) 3ϩ, 7 (29.2%) 2ϩ, 9 (60.0%) 1ϩ, and 198 (59.5%) fluorochrome-negative specimens grew MAC. In addition, the interval until the GI reached Ն10 correlated with the species identification and fluorochrome result for specimens graded 3ϩ and below. Five or more days of incubation was required for all 27 3ϩ smear specimens positive for M. tuberculosis to reach a GI of at least 10, while only 2 of 10 specimens positive for MAC required this length of time to reach a GI of at least 10. For 2ϩ smear specimens, 16 of 17 (94.1%) infected with M. tuberculosis required Ն10 days to reach a GI of Ն10, while none of the 7 infected with MAC complex required Ն10 days. All six 1ϩ specimens infected with M. tuberculosis required 8 or more days for detection, whereas one of nine specimens infected with MAC required this long time interval for detection. Of the fluorochrome smear-negative specimens, 52 (80.0%) of the 65 that grew M. tuberculosis required more than 10 days to be detected, while only 71 (35.9%) of 198 specimens that grew MAC required this long of an incubation period. On the basis of these differences, the algorithm developed for choosing a probe based on the fluorochrome result and time from inoculation until a GI of Ն10 was reached is shown in Table 2 .
The algorithm was applied to 102 (56.7%) of the 180 respiratory cultures positive for mycobacteria from 1 September through 30 November 1992 ( Table 3 ). The remaining 78 cultures did not fit the criteria for use of the algorithm (i.e., growth was detected on solid media or previous positive culture results were used to direct the choice of probe used on growth from BACTEC 12B vials) or were from patients with other concurrently positive specimens that were being probed. The MTB probe was correctly chosen for initial testing of 35 of 36 (97.2%) cultures which grew MTB and for all 35 which grew M. tuberculosis in pure culture. The MAC probe was correctly chosen for 35 of 48 (72.9%) of the cultures containing MAC. According to the algorithm, the MTB probe was chosen for 13 of 47 (27.7%) cultures containing MAC only and 7 of 19 (36.8%) containing other nontuberculous mycobacteria only.
Cultures probed with the correct probe directly from BACTEC 12B broth did not always give positive results. A total of 6 (17.1%) of the 35 BACTEC 12B broth cultures containing MTB tested with the MTB probe did not have positive probe results from the broth but subsequently had positive results when colonies from solid media were tested. Likewise, 6 of the 35 BACTEC 12B broth cultures containing MAC tested with the MAC probe were negative but had positive results when colonies from solid media were tested. These false-negative probe results from BACTEC 12B broth did not correlate with the fluorochrome smear quantitation.
Discussion. The BACTEC TB system is used to decrease the time to detection of mycobacterial growth and often demonstrates growth prior to growth on solid media. BACTEC 12B vials can provide important microscopic clues, such as cord formation, for the presumptive identification of M. tuberculosis and can be an aid in the selection of identification methods such as the choice of probes (10) . The reliability of the criterion of cord formation for the presumptive identification of M. tuberculosis, however, should be determined within each laboratory (7) . The lack of colonial morphological clues and the insensitivity, in our laboratory, of the observation of cord formation in BACTEC 12B broth for the presumptive identification of M. tuberculosis led us to develop an algorithm for that can be used to objectively select a DNA probe (MTB or MAC) for initial testing of mycobacterial growth in BACTEC 12B broth that did not result in a delay in the identification of M. tuberculosis. We then applied the algorithm to respiratory specimens over a 13-week period to evaluate its utility.
Use of the algorithm did not delay identification of MTB from respiratory specimens. All 35 specimens containing MTB in pure culture were tested with the MTB probe. Testing of growth from the BACTEC 12B vial with the probe specified by the algorithm resulted in rapid (within 1 week of detection of growth) confirmation of 80.6% of MTB isolates tested. The remainder required later confirmation by performing the probe assay on colonies growing on solid media. This lowered sensitivity with the MTB probe with colonies from BACTEC 12B broth has been demonstrated in other studies (1, 4, 8) . Use of the algorithm resulted in the incorrect choice of the MTB probe for testing 20 of 66 (30.3%) cultures growing nontuberculous mycobacteria, most of which were fluorochrome smear negative. Further modification of the algorithm to include other parameters such as patient factors (e.g., age and human immunodeficiency virus status) and the growth rate of the mycobacteria after initial detection may enhance the utility of the algorithm for identifying MAC.
In our laboratory, the probe assay is performed once per week because of workload and cost constraints. If the probe assay were performed more frequently, it would likely have a greater impact on the time to identification of M. tuberculosis. Our data may be helpful in guiding other laboratories in the development of protocols using the demographics of their laboratory to efficiently combine the use of BACTEC and DNA probes for the detection and identification of M. tuberculosis. 
